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,QWURGXFWLRQ
,Q WKH HDUO\ V6LPRQ+HUEHUW DUJXHG WKDW FRPSOH[ V\VWHPV REVHUYHG LQ QDWXUH KDYH D KLJK IUHTXHQF\RI
RFFXUULQJDVKLHUDUFKLFDOV\VWHPV7KHVHV\VWHPVDUHFRPSULVHGRILQWHUFRQQHFWHGVXEV\VWHPVLQZKLFKHDFKVXE
V\VWHP LV KLHUDUFKLFDO+HUEHUW¶ DOVR VXJJHVWHG WKDW FRPSOH[ V\VWHPV HYROYH IDVWHU WKDQ QRQFRPSOH[ V\VWHPV RI
VLPLODUVL]H&RPSOH[DGDSWLYHV\VWHPV&$6DUHDVXEVHWRIFRPSOH[V\VWHPV7KH6\VWHPRI6\VWHPV6R6KDYH
EHHQIRXQG WRH[KLELWSURSHUWLHVVLPLODU WRFRPSOH[DGDSWLYHV\VWHPV5XVVHOO$FNRIIRIIHUHG D V\VWHPDWLF YLHZ
RQ WKH FRQFHSWV DQG WHUPV UHODWHG WRWKHVFLHQFHRI FRPSOH[ V\VWHPV+HUHFRPPHQGHGWKDWDV\VWHPVDSSURDFK
EHXVHGWRDQDO\]HWKHV\VWHPDVDZKROHUDWKHUWKDQDQDO\VLQJLWVSDUWVLQGLYLGXDOO\+HFODVVLILHGV\VWHPVLQWRWKH
IROORZLQJIRXUPDMRUW\SHVDFFRUGLQJWRQRWRQO\WKHLUEHKDYLRUEXWDOVRWKHRXWFRPHRI WKHEHKDYLRXULWVHOIVWDWH
PDLQWDLQLQJJRDOVHHNLQJPXOWLSOHJRDOVHHNLQJDQGSXUSRVHIXO )RXUPDMRUW\SHVRI6R6DUHXVXDOO\GHILQHGDV
WKHIROORZLQJ
x 'LUHFWHG
ż6R6REMHFWLYHVPDQDJHPHQWIXQGLQJDQGDXWKRULW\V\VWHPVDUHVXERUGLQDWHGWR6R6
x $FNQRZOHGJHG
ż6R6REMHFWLYHVPDQDJHPHQWIXQGLQJDQGDXWKRULW\KRZHYHUV\VWHPVUHWDLQWKHLURZQPDQDJHPHQWIXQGLQJ
DQGDXWKRULW\LQSDUDOOHOZLWKWKH6R6
x &ROODERUDWLYH
ż1RREMHFWLYHVPDQDJHPHQWDXWKRULW\UHVSRQVLELOLW\RUIXQGLQJDWWKH6R6OHYHO6\VWHPVYROXQWDULO\ZRUN
WRJHWKHUWRDGGUHVVVKDUHGRUFRPPRQLQWHUHVW
x 9LUWXDO
ż/LNHFROODERUDWLYHEXWV\VWHPVGRQ¶WNQRZDERXWHDFKRWKHU

7KH 'R'  LV FXUUHQWO\ XVHG DV WKH DFTXLVLWLRQ SURFHVV IRU FRPSOH[ V\VWHPV 6FKZDUW] GHVFULEHG WKLV
SURFHVV DV DQ H[WUHPHO\ FRPSOH[ V\VWHPLF SURFHVV WKDW FDQQRW DOZD\V FRQVWDQWO\ SURGXFH V\VWHPV ZLWK HLWKHU
H[SHFWHG FRVW RU SHUIRUPDQFH SRWHQWLDOV ,Q IDFW WKH DFTXLVLWLRQ LV DQ 6R6 SUREOHP WKDW LQYROYHV GHVLJQ
HQJLQHHULQJ FRQVWUXFWLRQ WHVWLQJ GHSOR\PHQW VXVWDLQPHQW DQG WKH GLVSRVDO RI ZHDSRQV SXUFKDVHG IURP D
FRQWUDFWRURWKHU WKDQSURFXUHPHQW1XPHURXV DWWHPSWVXQGHUWDNHQ WRPRGLI\ DQG UHIRUP WKH DFTXLVLWLRQ SURFHVV
KDYH IRXQG WKLV SUREOHPGLIILFXOW WR WDFNOH EHFDXVH WKHPRGHOV KDYH IDLOHG WR NHHS SDFHZLWK DFWXDO RSHUDWLRQDO
VFHQDULRV 'RPENLQV RIIHUHG D QRYHO DSSURDFK WR PRGHO FRPSOH[ SURMHFWV DV ZDYHV +H VXJJHVWHG WKDW WKHUH
H[LVWV D PDMRU GLIIHUHQFH LQ PDQDJLQJ DQG PRGHOLQJ WUDGLWLRQDO SURMHFWV YHUVXV FRPSOH[ SURMHFWV +H IXUWKHU
LOOXVWUDWHGKLVLGHDWKURXJKDZDYHSODQQLQJPRGHOWKDWH[KLELWVDOLQHDUWUHQGRQDWLPHVFDOHRQDVSDWLDOVFDOHLW
WULHVWRFDSWXUHWKHQRQOLQHDULW\DQGUHFXUVLYHQHVVRIWKHSURFHVVHV,QJHQHUDOWKHZDYHPRGHOLVDGHYHORSPHQWDO
DSSURDFKWKDWLVVLPLODU WRSHULRGLFZDYHV$SHULRGRUPXOWLSOHSHULRGVFDQVSDQDVWUDWHJLFSODQQLQJWLPH7KH
LQVWDQFHV ZLWKLQ WKH SHULRGV UHSUHVHQW WKH SURFHVV XSGDWHV 'DKPDQQ  UHFHQWO\ SURSRVHG WKDW 6R6 DUFKLWHFWXUH
GHYHORSPHQW IRU WKH'R' DFTXLVLWLRQ SURFHVV FDQ EH DQWLFLSDWHG WR IROORZ DZDYHPRGHO SURFHVV$FFRUGLQJ WR
'DKPDQ'R'PD\QRWEHDSSOLFDEOHWRWKH6R6DFTXLVLWLRQSURFHVV$FKHVRQSURSRVHGWKDW$FNQRZOHGJHG
6R6EHPRGHOHGZLWKDQ2EMHFW2ULHQWHG6\VWHPV$SSURDFK226$6KHSURSRVHVWKDWIRU6R6GHYHORSPHQWWKH
REMHFWVEHH[SUHVVHGDVWKHDJHQWVLQWKH$%07KLVSDSHUEXLOGVRQWKHDSSURDFKRI$FKHVRQDQG'DKPDQQZLWK
DQH[HFXWDEOH$%0IRU$FNQRZOHGJHG6R6DUFKLWHFWLQJ

7KH FRQWULEXWLRQ RI WKH SDSHU OLHV LQ LQWHJUDWLQJ WKH RYHUDOO SURFHVV RI GHVLJQLQJ $FNQRZOHGJHG 6R6 DV D
KLHUDUFKLFDO VWUXFWXUH 7KLV GLVFXVVLRQ GHPRQVWUDWHV WKH VLPXODWLRQ DQG DQDO\VLV RI $FNQRZOHGJHG 6R6ZLWK D
VLPSOHPRGHO WKDW FDUULHV WKH LQKHUHQW FRPSOH[LW\ LQ GHVLJQLQJ6R6 7KLVZRUN DWWHPSWV WR LPSURYHRQ H[LVWLQJ
PHWKRGRORJLHVZKLOHDWWHPSWLQJWRLQFRUSRUDWHQRYHOWHFKQLTXHVIRUV\VWHPVDUFKLWHFWLQJ7KHJRDOLVQRWVLPSO\WR
UHDFKDVHWWOHPHQWIRUDQ6R6DQGDFKLHYH WKHGHVLUHGJUHDWHUFDSDELOLW\EXW WR WDFNOHIUHTXHQWV\VWHPLFSUREOHPV
DQGWKXVDGDSWWRWKHFKDQJLQJFRQGLWLRQVDQGUHODWLRQVKLSVDPRQJDOOSDUWLFLSDWLQJV\VWHPV

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3UREOHP6WDWHPHQW
6R6 DUFKLWHFWLQJ LQYROYHV QXPHURXV LQWHUUHODWHG V\VWHPV DQG LQFOXGHV G\QDPLF VRFLRORJLFDO WHFKQLFDO DQG
HQYLURQPHQWDOIDFWRUV%RWKHQYLURQPHQWDQGWKHSUREOHP¶VFRQWH[WRUGRPDLQLVOLNHO\WRFKDQJHRYHUWLPH7KH
DUFKLWHFWXUHRIDQ$FNQRZOHGJHG6R6LVDQ LQWHUVHFWLRQRI WKHV\VWHPVSUHVHQWZLWKLQ LWHDFKRIZKLFKKDV WKHLU
RZQ DUFKLWHFWXUHV 0RUHRYHU VXFFHVVIXO $FNQRZOHGJHG 6R6 PDQDJHUV XQGHUVWDQG WKDW H[LVWLQJ V\VWHP
DUFKLWHFWXUHVZRUNEHVWLI OHIWWR WKHV\VWHPVHQJLQHHULQJDQGDUFKLWHFWXUHSURIHVVLRQDOVDWWKDWKLHUDUFK\OHYHO,WLV
LQWKHEHVWLQWHUHVWRIWKH6R6GRPDLQPDQDJHUWRFRRUGLQDWHDQGJXLGHLQGLYLGXDOV\VWHPVUDWKHUWKDQIRLVWKLVRZQ
LGHDVIRUVXFFHVVRQWKHP,QFRQWUDVWWKHFRQVWLWXHQWV\VWHPVGRQRWQHHGWRHLWKHUDFTXLHVFHWR6R6(UHTXHVWVRU
RIILFLDOO\ UHSRUW WR DQ6R6PDQDJHU ,QVWHDG WKH\ FDQQHJRWLDWH LQ WKHLU EHVW LQWHUHVWV ,Q DQ$FNQRZOHGJHG6R6
HDFKLQGLYLGXDOV\VWHPKDVRQHRUPRUHWKDQRQHFDSDELOLW\7KHQXPEHURIFDSDELOLWLHVGRHVQRWFKDQJHZLWKWLPH
7KH6R6GRPDLQPDQJHUPXVWLGHQWLI\WKHGHFLVLYHVHWRIV\VWHPVZLWKWKHLUUHVSHFWLYHFDSDELOLWLHVWKDWZLOOKHOS
6R6 DFKLHYH DQ RYHUDOO JRDOSXUSRVH $Q 6R6 FDQ EH DFKLHYHG E\ FRPELQJ LQGLYLGXDO V\VWHPV DQG GHYHORSLQJ
FHUWDLQ UHTXLUHG LQWHUIDFHV DPRQJ WKHP )LJXUH  LOOXVWUDWHV FHUWDLQ NH\ SRLQWV LQ WKH SUREOHP7KHVH LQFOXGH WKH
6R6 DFTXLVLWLRQ PDQDJHU WKH 6R6 LWVHOI DQG SRWHQWLDO SDUWLFLSDWLQJ V\VWHPV QXPEHUHG IURP  WR 1 7KH 6R6
DFTXLVLWLRQHQYLURQPHQWDQGWKHGRPDLQDWDQ\JLYHQWLPH7DUHGHQRWHGE\(7DQG'RPDLQUHVSHFWLYHO\7KH
HQYLURQPHQWDW WLPH7LVDIXQFWLRQRIVRFLDOWHFKQRORJLFDODQGSROLWLFDOFRQWH[WV7KHILUVWZDYHLVFRPSULVHGRI
WKH6R6JHQHUDWLRQZLWKWKHDERYHYDULDEOHV,QWKHQH[WZDYH:DYHDWWLPH7WKHDFTXLVLWLRQPDQDJHUILQGV
WKDW WKHHQYLURQPHQWKDVFKDQJHGZLWKWLPHWR(7DQGGRPDLQEHFRPHVGRPDLQQRZ7KHVDPHSURFHVVLV
FRQWLQXHGIRUWKH6R6JHQHUDWLRQZLWKQHZYDULDEOHV
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)LJ$FNQRZOHGJHG6R6DFTXLVLWLRQGHVFULEHGDVDZDYHPRGHO
0HWKRGRORJLFDO$SSURDFKIRU$%0
)HZDWWHPSWVKDYHEHHQPDGHWRGHVFULEHWKHDUFKLWHFWLQJPHWKRGRI$FNQRZOHGJHG6R62QHVXFKDSSURDFK
GHVFULEHG WKH FRQVWUXFWLRQ RI WKH PHWDDUFKLWHFWXUH EDVHG RQ WKH IHGHUDWHG DUFKLWHFWXUH )$ 7KLV DSSURDFK
HPSKDVL]HV LQWHURSHUDELOLW\ DQG LQIRUPDWLRQ VKDULQJ EHWZHHQ FRQVWLWXHQW V\VWHPV DQG WKH FHQWUDOL]HG FRQWUROOHU
$QRWKHUDSSURDFKXVHV%D\HVLDQ1HWZRUNV WRPRGHO WKHLQWHUGHSHQGHQFLHVRIV\VWHPVDQG WKHLPSDFWRIV\VWHP
IDLOXUHVRQWKH6R67KHRXWFRPHVRIWKH%D\HVLDQDQDO\VLVZLWKV\VWHPIDLOXUHUDWHVPRGHOHGDVEHWDGLVWULEXWLRQV
SURYLGH D NQRZOHGJH EDVH IRU GHFLVLRQ PDNHUV WR FRQWURO ULVN LQ WKH GHYHORSPHQW RI DQ 6R6 ZLWK FRPSOH[
LQWHUGHSHQGHQFLHV
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'DUDELSUHVHQWHGD FRQFHSWXDOPRGHORIDQDJHQWEDVHG6R6DUFKLWHFWXUH7KLVPRGHODGGUHVVHV WKH LVVXHVRI
KRZLQGLYLGXDOV\VWHP DXWRQRP\ FRPSHWLWLRQ DQG FROODERUDWLRQ DPRQJVW WKHP DIIHFW WKH SURFHVV RI DFKLHYLQJ
WKH RYHUDOO SXUSRVH RI WKH 6R6'DUDELDOVRSURSRVHGXVLQJWKH0XOWL$WWULEXWH8WLOLW\7KHRU\IRUQHJRWLDWLRQ
7KH PHWKRG LQ WKLV SDSHU HPSKDVL]HV WKH QHHG IRU WKH 6R6 PDQDJHU WR KDYH D GHFLVLRQPDNLQJ WRRO 7R
GHPRQVWUDWH WKH YDOLGLW\RI WKH WRROGHYHORSHGZHQHHGERWKDGRPDLQSUREOHPDQGFRPSXWDWLRQDO WHFKQLTXHV WR
WDFNOH LW 7KH UHPDLQGHU RI WKLV SDSHU LOOXVWUDWHV WKH PHWKRGRORJ\RI DUFKLWHFWLQJ LQ FKURQRORJLFDO RUGHU ,W DOVR
SUHVHQWV DQ LQWHJUDWLRQRI DOO WKH WHFKQLTXHVGLVFXVVHG DQG VKRXOG EH SHUFHLYHG DV D WHPSODWH IRU$FNQRZOHGJHG
6R6DUFKLWHFWLQJ3OHDVHUHIHUWRWKH6(5&UHSRUWIRUIXUWKHUGHWDLOVRQWKHPHWKRGRORJ\

3.1. Selecting a context and environment for the model 
7KH GRPDLQ VHOHFWHG IRU PRGHOLQJ $FNQRZOHGJHG 6R6 ZDV D SUREOHP GXULQJ WKH ILUVW *XOI :DU 7KH
LQWHOOLJHQFH VXUYHLOODQFH DQG UHFRQQDLVVDQFH ,65 DVVHWV RI FRDOLWLRQ IRUFHV 86 DQG ,VUDHO DW WKDW WLPH ZHUH
LQDGHTXDWHLQILQGLQJ WKHFDPRXIODJHG6FXG WUDQVSRUWHUHUHFWRUODXQFKHUV7(/LQTXLFNWLPH0RUHLQIRUPDWLRQ
RQ WKH 6FXG KXQW LV DYDLODEOH LQ VHPLRIILFLDO UHSRUWV $ VOLJKWO\ DQDFKURQLVWLF ,65 6R6 LV SURSRVHGKHUH WKDW
PLJKWKDYHSHUIRUPHGEHWWHU
7KLV,656R6FRQVLVWHGRIPDQ\LQGLYLGXDOV\VWHPVVHH)LJXUH7KHRYHUDUFKLQJSXUSRVHRIWKH6R6LQWKLV
LQVWDQFHZDV,65	7DUJHWLQJRI*XOI:DU6FXG7(/V7KHIRXUNH\SHUIRUPDQFHDWWULEXWHVLGHQWLILHGZHUH
x SHUIRUPDQFHLQWHUPVRIVHDUFKDUHDFRYHUHG
x DIIRUGDELOLW\JLYHQE\WKHWRWDOFRVWUDQJHRIGHYHORSLQJDQGRSHUDWLQJRIWKH6R6
x IOH[LELOLW\LQWHUPVRIGHYHORSLQJPXOWLSOH VRXUFHV IRU HDFK FDSDELOLW\ DQG
x UREXVWQHVV DV WKH ORVV LQ SHUIRUPDQFH RI WKH RYHUDOO V\VWHP ZLWK UHGXFHGV\VWHPV
'RPDLQLQIRUPDWLRQZDVFROOHFWHGIURPYDULRXVVWXGLHVRQWKLVRSHUDWLRQ
3.2. Generating meta-architectures 
7KHVHFRQGVWHSDIWHUVSHFLI\LQJ WKHGRPDLQLV WRJHQHUDWHPHWDDUFKLWHFWXUHV7KHPHWDDUFKLWHFWXUHXVHGLQ
WKLVIRUPXODWLRQZDVPRWLYDWHGE\WKHGHVFULSWLRQSURYLGHGE\(UJLQHWDO0HWDDUFKLWHFWXUHVDUHGLIIHUHQWVHWVRI
6R6DOWHUQDWLYHVWKDWFDQEHJHQHUDWHGWKURXJKPDWKHPDWLFDOSURJUDPPLQJPRGHOVQHWZRUNWKHRU\DQGJUDSKLFDO
DOJRULWKPV0HWDDUFKLWHFWXUH JHQHUDWLRQ LV D FRPSOH[ SURFHVV DV LW FDQ KDYH ERWK QXPHURXV FRQVWUDLQWV DQG D
ODUJH QXPEHU RI REMHFWLYH IXQFWLRQV7KHQH[W VWHS LQYROYHG WDEXODWLQJ WKH GRPDLQ LQIRUPDWLRQ WRJHQHUDWHPHWD
DUFKLWHFWXUHV7KUHHGLIIHUHQWWHFKQLTXHVZHUHXVHG WRJHQHUDWHPXOWLSOH6R6PHWDDUFKLWHFWXUHVIURPWKHFROOHFWHG
GRPDLQLQIRUPDWLRQIX]]\JHQHWLFRSWLPL]DWLRQPXOWLOHYHORSWLPL]DWLRQDQGPXOWLREMHFWLYHRSWLPL]DWLRQ7KLV
SDSHUKLJKOLJKWV WKH IX]]\JHQHWLFRSWLPL]DWLRQ WHFKQLTXH IRUPHWDDUFKLWHFWXUHJHQHUDWLRQ*HQHWLF DOJRULWKPV
DLGLQUHSUHVHQWLQJWKHV\VWHPVDQGWKHLULQWHUIDFHV)X]]\ORJLFDVVLVWVLQHYDOXDWLQJWKHRYHUDOODUFKLWHFWXUHTXDOLW\
E\ FRPELQLQJ WKH TXDOLW\ RI LWV DWWULEXWHV 7KH GRPDLQPRGHO FRPSULVHG RI V\VWHPV DQG WKHLU UHODWLRQVKLSV LV
GHVFULEHG LQ WHUPV RI ELWV LQ WKH FKURPRVRPH WR HYDOXDWH FRVW FDSDELOLW\ FRQWULEXWLRQ DQG WLPH WR GHOLYHU 7KH
IX]]\ DVVHVVRU HYDOXDWHV WKHVH FKURPRVRPHV IRU ILWQHVV LQ WHUPV RI RYHUDOO DUFKLWHFWXUH TXDOLW\ 7KH VLPXODWLRQ
UHVXOWVSUHVHQWHGKHUHDUH IRU WKH IX]]\JHQHWLFDOJRULWKPRSWLPL]DWLRQ&DUDHWDOSURSRVHGDQLPSURYHPHQWE\
XVLQJPXOWLREMHFWLYHRSWLPL]DWLRQDQGIX]]\W\SHORJLFWRJHWKHUDVDQDSSURDFK

6 6 6L « 6P ,ZLWK ,ZLWK ,ZLWKP ,ZLWK « ,LZLWKM « ,PZLWKP
6\VWHPV ,QWHUIDF
)LJ6R6PHWDDUFKLWHFWXUHRIV\VWHPVDQGWKHLULQWHUIDFHV
0HWDDUFKLWHFWXUHDOORZVDQ\ FRPELQDWLRQRIRQHV DQG ]HURHV LQD VWULQJRI OHQJWKPP$Q DUFKLWHFWXUH
LQVWDQFHLVRQHFKURPRVRPHRIELQDU\ELWVWKDWUHSUHVHQWWKHV\VWHPVDQGLQWHUIDFHVSDUWLFLSDWLQJLQWKH6R67KH
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SUHVHQFHRIHLWKHUDQLQGLYLGXDOV\VWHPLVUHSUHVHQWHGDVELWVZLWK6L 7KHLQWHUIDFHLVLQGLFDWHGE\D³RQH´ELWRIWKH
VWULQJ,LM

3.3. SoS manager and system negotiations for acquisition 
,Q WKH ILUVW OHYHO RI WKH DUFKLWHFWXUH WKH $%0 DOORZV WKH 6R6 PDQDJHU WR LQFOXGH PXOWLSOH 6R6 PHWD
DUFKLWHFWXUHV 7KH 6R6 PDQDJHU WKHQ XVHV WKH FXUUHQW JXLGHOLQHV WR QHJRWLDWH LQGLYLGXDOO\ ZLWK HDFK RI WKH
FROODERUDWLQJV\VWHPV(DFKV\VWHPLVLQELODWHUDOQHJRWLDWLRQZLWKWKH6R6WKHEHKDYLRURIHDFKV\VWHPLVPRGHOHG
DVHLWKHUFRRSHUDWLYHVHOILVKRURSSRUWXQLVWLF7KLVEHKDYLRUDOGLYHUVLW\DVVLVWVLQLQYROYLQJWKUHHW\SHVRIQHJRWLDWLRQ
PRGHOV LQ WKH $%0 )LQDOO\ DOWKRXJK LW PLJKW QRW EH WKH EHVW SRVVLEOH DUFKLWHFWXUH WKDW LV DFKLHYHG EXW LW LV
FRPSDWLEOHZLWKERWK6R6DQGWKHV\VWHPV
,PSOHPHQWDWLRQRI0XOWL$JHQW%DVHG$UFKLWHFWXUH0RGHOIRU$FNQRZOHGJHG6R6
4.1. Proposed hierarchical ABM 
7KHRYHUDOO$%0FRQVLVWVRIWKUHHPDMRUHOHPHQWV6R6DFTXLVLWLRQHQYLURQPHQW6R6DJHQWDQGV\VWHPDJHQWV
(DFK DJHQW KDV LWV RZQ VHW RI EHKDYLRU SDWWHUQV  7KH $%0 KDV RQH LQVWDQFH RI WKH 6R6 DJHQW DQG PXOWLSOH
LQVWDQFHV RI WKH V\VWHP DJHQW  7KH QXPEHU RI LQVWDQFHV RI WKH V\VWHP DJHQW FRUUHVSRQGV WR WKH QXPEHU RI
V\VWHPV LQ WKH 6R6  7KH 6R6PDQDJHU LQVWDQFH DQG WKHLQGLYLGXDO V\VWHP LQVWDQFHV DUHHPEHGGHG LQWKH6R6
DFTXLVLWLRQ HQYLURQPHQW PRGHO HDFK LV LQIOXHQFHG E\ FKDQJHV LQ WKLV HQYLURQPHQW )LJXUH  LOOXVWUDWHV WKH
WUDQVLWLRQVWDWHVRIDQ6R6DJHQWDQGLQGLYLGXDOV\VWHPVDJHQWV7KHWZHQW\WZRV\VWHPDJHQWVLQWKLVILJXUHUDQJH
IURPILJKWHUVWRFRQWUROVWDWLRQV)RULOOXVWUDWLRQ6\VWHPVWKURXJKDUHDOOILJKWHUVZLWKHOHFWURRSWLFDOLQIUDUHG
FDSDELOLW\















)LJ7UDQVLWLRQVWDWHVRIWKH$%0DQG0HPEHUV\VWHPW\SHV
7KH$%0DOORZVWKH6R6PDQDJHUWR LQFOXGHPXOWLSOHPRGXODU6R6PHWDDUFKLWHFWXUHJHQHUDWLRQPRGXOHVDQG
PXOWLSOH PRGXODU QHJRWLDWLRQ PRGHOV  7KHVH QHJRWLDWLRQ PRGHOV IRUP WKH LQGLYLGXDO V\VWHP EHKDYLRU IRU
QHJRWLDWLRQ ZLWK WKH 6R6 PDQDJHU 7KH XVHU $FNQRZOHGJHG 6R6 PDQDJHU LQWHUIDFH LQLWLDOO\ DOORZV XVHU WR
FKRRVH WKH SUHIHUUHG PHWDDUFKLWHFWXUH JHQHUDWLRQ WHFKQLTXH IRU WKH GRPDLQ VSHFLILF LQIRUPDWLRQ VHH )LJXUH 
7KH XVHU FDQ WKHQ GHILQH WKH SUHIHUUHG DUFKLWHFWXUH TXDOLW\ RQ D VFDOH RI  WR  LQ WKH FRQWLQXRXV GRPDLQ DV D
WKUHVKROG IRU WKH ILQDO DUFKLWHFWXUH 7KH QXPEHU RI QHJRWLDWLRQ F\FOHV WKDW WKH 6R6 DJHQW FDQ KDYH ZLWK WKH
LQGLYLGXDOV\VWHPDJHQWVFDQDOVREHSUHGHILQHGE\WKHXVHU 2WKHUSDUDPHWHUVZKLFKDUHXVHUGHILQHGLQFOXGH
x 6HWWLQJWKHSDUDPHWHUYDOXHVIRUWKHWKUHHLQGLYLGXDOV\VWHPQHJRWLDWLRQPRGHOV
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x 3DUDPHWHUVIRU6R6DJHQWQHJRWLDWLRQPRGHO











)LJ&DSDELOLW\GLVWULEXWLRQVDPRQJV\VWHPV
(DFK V\VWHP KDV D VHW RI SUHGHILQHG FDSDELOLWLHV LW FDQ RIIHU 7DEOH  )LJXUH  GHSLFWV WKH FDSDELOLWLHV
SRVVHVVHGE\LQGLYLGXDOV\VWHPV,QLWLDOO\HDFKLQGLYLGXDOV\VWHPZLOOUHFHLYHUHTXLUHPHQWVIURPWKH6R6DJHQW7KH
6R6WDUJHWLQYROYHVREWDLQLQJERWKLVWRREWDLQER WK PFDSDELOLWLHVE\Q V\VWHPVDVZHOODV FRQQHFWLRQVEHWZHHQ
WKHVH V\VWHPV7KH LQSXW LQIRUPDWLRQIURP6R6ZLOO LQFOXGHGHDGOLQHIXQGLQJDQGSHUIRUPDQFHGHPDQGVIRUHDFK
FDSDELOLW\,QIRUPDWLRQDOVRLQFOXGHVLQWHUIDFHVWKDWQHHGWREHFRQVWUXFWHGE\WKHV\VWHPZLWKRWKHUVIRUDSDUWLFXODU
FDSDELOLW\
7DEOH([SODQDWLRQRIV\VWHPFDSDELOLWLHV
1XPEHURI&DSDELOLW\ ([SODQDWLRQRI&DSDELOLW\
&
&
&
&
&
(2,5(OHFWUR2SWLF,QIUDUHG(2,5SRGV
6$56\QWKHWLF$SHUWXUH5DGDU
&RPPXQLFDWLRQVOLQNV
([SORLWDWLRQ&HQWUH¶V
&RQWURO&HQWUH¶V

4.2. SoS agent 
$Q6R6DJHQWVWDWHFKDUWLVSUHVHQWHGLQ)LJXUH7KHDUURZVLQGLFDWHWKHWUDQVLWLRQGLUHFWLRQRIWKHDJHQWIURP
RQH VWDWH WR DQRWKHU  'XULQJ WKH &RQGXFWB6R6B$QDO\VLV VWDWH WKH 6R6 DJHQW H[HFXWHV WKH PHWDDUFKLWHFWXUH
JHQHUDWLRQSURFHGXUH VHOHFWHGE\ WKH$FNQRZOHGJHG6R6PDQDJHU  7KLV DOVR EHJLQV WKH ILUVWZDYHRI WKH$%0
PRGHO  7KH H[HFXWLRQRXWSXWVPHWD DUFKLWHFWXUH LQ WKH IRUPRI D JHQHWLF FKURPRVRPH DV GHVFULEHG LQ VHFWLRQ
  8VLQJ WKH PHWDDUFKLWHFWXUH JHQHUDWHG WKH SURFHGXUH FUHDWHV V\VWHP ILOHV WKDW FRQWDLQ WKH LQIRUPDWLRQ
GLVVHPLQDWHGWRWKHV\VWHPDJHQWV2QFHWKH6R6DJHQWKDVFRPSOHWHO\H[HFXWHGWKHPHWD DUFKLWHFWXUHJHQHUDWLRQ
SURFHVV LW WUDQVLWLRQV WR WKH 'HYHORSB(YROYHB6R6B$UFKLWHFWXUHVWDWH  7KH 6R6 DJHQW QRZZDLWV IRU WKHUHVXOWV
IURPWKHILUVWHSRFKRIQHJRWLDWLRQEHWZHHQWKH6R6DQGWKHV\VWHPDJHQWV
7DEOHOLVWVWKHLQIRUPDWLRQJLYHQWRV\VWHPIRUDFTXLULQJFDSDELOLWLHV7KLVWDEOHFRQWDLQVLQIRUPDWLRQRQD
ELODWHUDOQHJRWLDWLRQ EHWZHHQ6R6DQG6\VWHPWKURXJKDQHJRWLDWLRQPRGHO%HFDXVHV\VWHPSRVVHVVHV
WZR FDSDELOLWLHV & DQG & RQO\ WZR URZV FRQWDLQ LQIRUPDWLRQ RQ GHDGOLQH SHUIRUPDQFH DQG IXQGLQJ 7KH
YDOXHVLQWKHVHFRQGURZWKDWFRUUHVSRQGWR&LQGLFDWHWKDW6R6UHTXLUHV6\VWHPWRMRLQLQWKHILUVWZDYHRIWKH
6R6DUFKLWHFWXUH6R6SURYLGHVD IXQGLQJRI XQLWV WR DFTXLUH&ZKLOH GHPDQGLQJ DSHUIRUPDQFH OHYHO RI
XQLWVIRUWKHVDPH/LNHZLVHWRSURFXUHFDSDELOLW\&6R6LVSURYLGLQJDIXQGLQJRIXQLWVDQGH[SHFWVD
SHUIRUPDQFHOHYHORIXQLWV


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7DEOH7KH2IIHUE\6R6WR6\VWHP

&DSDELOLWLHV 'HDGOLQH
6R6GL
)XQGLQJ
6R6IL
3HUIRUPDQFH
6R6SL
&   
&   
&   
&   
&   

















)LJ626$JHQW6WDWH&KDUWEDVHGRQ'DKPDQ
V:DYH0RGHO
4.3. System agents      
,QGLYLGXDOV\VWHPVKDYHHLWKHUOLPLWHGRUQRLQIRUPDWLRQRQRWKHUSDUWLFLSDWLQJV\VWHPV$OO6\VWHPDJHQWVDUH
DXWRQRPRXV DQG DVVXPH WKDW RWKHU DJHQWV DOVR PDNH UDWLRQDO GHFLVLRQV EDVHG RQ WKHLU RZQ LQWHUQDO VWDWH 7KH
VHFRQGOHYHORIWKH$%0DUFKLWHFWXUHLQYROYHVWKHV\VWHPDJHQW¶VQHJRWLDWLRQPRGHOV(DFKLQGLYLGXDOV\VWHPFDQ
H[HFXWHRQHRIWKUHHPXOWLSOHFULWHULDRSWLPL]DWLRQPRGHOV







)LJ,QGLYLGXDO6\VWHP$JHQW6WDWH&KDUW

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4.3.1. Modeling multi-agent bilateral negotiation 

$%0VLPXODWHVWKHQHJRWLDWLRQG\QDPLFVEHWZHHQDQ6R6DJHQWDQGDQLQGLYLGXDOV\VWHPDJHQWWRDQDO\]HWKH
6R6 DUFKLWHFWXUH HYROXWLRQ   (DFK URXQG RI QHJRWLDWLRQV LV NQRZQ DV DQ HSRFK   2QFH WKH 6R6 PDQDJHU
VXFFHVVIXOO\ QHJRWLDWHV ZLWK DOO V\VWHP DJHQWV LW FDQ GHILQH WKH RYHUDOO 6R6 DUFKLWHFWXUH EDVHG RQ WKH 6R6
QHJRWLDWLRQPRGHO
7KH ILUVW DVVXPSWLRQ LV WKDWHDFK LQGLYLGXDO V\VWHPPD\SRVVHVVPRUH WKDQRQH FDSDELOLW\  7KH6R6PDQDJHU
PD\ UHTXHVW WR SURFXUH WKHVH FDSDELOLWLHV DW GLIIHUHQW OHYHOV RI SHUIRUPDQFH $OVR 6R6 PDQDJHU ZRXOG SURYLGH
GLIIHUHQW IXQGLQJ DPRXQW IRU HDFK RI WKHP  $QRWKHU DVVXPSWLRQ LV WKDW V\VWHP DJHQWV KDYH D IL[HG DPRXQW RI
UHVRXUFHVDQGZRUNHTXDOO\ZHOO WRGHYHORSDOO FDSDELOLWLHVDVNHGRI WKHP ,QWKLVLQVWDQFH WKH UHVRXUFHVKDYH WR
EH VKDUHG DPRQJVW WKH GHYHORSPHQW RI FDSDELOLWLHV LQ D FHUWDLQ UDWLR RI DJHQW SUHIHUHQFH  7KH DJHQW UDQNV WKH
SULRULW\RIGHYHORSLQJDFDSDELOLW\EDVHGRQLQIRUPDWLRQSURYLGHGE\WKH6R6,QWKLVPRGHOERWKWKH626DJHQWDQG
WKHLQGLYLGXDOV\VWHPDJHQWVDVVXPHSDUWLDOLQIRUPDWLRQDERXWHDFKRWKHU¶VQHJRWLDWLRQVWUDWHJLHV

6LPSOL¿HGQHJRWLDWLRQSURWRFRODOJRULWKP
(SRFK 
ZKLOHQRQHRIWKHDJHQWVKDYHFRQFHGHG
6R6PDNHVDQRIIHUWRWKHV\VWHPDJHQW
6\VWHPDJHQWUHSOLHVZLWKDQRIIHUWRWKH6R6
HSRFK HSRFK
5HWXUQRIIHU 

7KH6R6DJHQWEHKDYLRULVDEVWUDFWHGEDVHGRQWKH:DYH3URFHVVPRGHO(DFKLQVWDQFHRIWKHLQGLYLGXDOV\VWHP
DJHQW KDV LWV RZQ GHFLVLRQ PRGHO WKDW FDQ H[KLELW HLWKHU D VHOILVK RSSRUWXQLVWLF RU FRRSHUDWLYH EHKDYLRU 7KLV
SURFHVVRIDUULYLQJDWDILQDO6R6DUFKLWHFWXUHFRPSOHWHVDZDYHRIWKHPRGHO
4.3.2. Selfish negotiation model 
6HOILVKV\VWHPEHKDYLRUDOPRGHOFDQEHWHUPHG³VHOILVK´LQWKDWWKHQHFHVVDU\FRQGLWLRQIRUWKHLQGLYLGXDOV\VWHP
WR FROODERUDWH ZLWK WKH 6R6 LV WKDW WKH LQFUHPHQWDO SURILW IURP WKH SDUWLFLSDWLRQ EH QRQQHJDWLYH  7KHUHIRUH D
UHVRXUFH DOORFDWLRQ SUREOHP LV IRUPXODWHG WR PRGHO WKH GHFLVLRQ EHKDYLRU RI WKH LQGLYLGXDO V\VWHP 7KH
RSWLPL]DWLRQ SUREOHP LQYROYHV VROYLQJ WZR GLIIHUHQW REMHFWLYHV ZLWK QRUPDOL]HG SUREDELOLWLHV FRQVLGHULQJ WKH
FDSDELOLWLHVUHVRXUFHVDQGHIILFLHQF\RIWKHV\VWHP7KHPDUNHWFRQGLWLRQLVPRGHOOHGVRWKDWWKHV\VWHPDJHQWKDVD
UDWLRQDODVVHVVPHQWRIWKHLQFUHPHQWDOSURILWSURYLGHGE\WKH6R6
4.3.3. Cooperative negotiation model 
,W LV DVVXPHG WKDW WKH DJHQWV IROORZLQJ D FRRSHUDWLYH QHJRWLDWLRQ SURWRFRO KDYH DQ LQQDWH EHKDYLRU RI EHLQJ
KHOSIXO DQG VXSSRUWLYH WR WKH 6R6 IRUPDWLRQ $W WKH VDPH WLPH KRZHYHU WKHUH DUH FHUWDLQ FRQVWUDLQWV PXVW EH
LQFRUSRUDWHGLQWKHLURYHUDOOUHVSRQVHWRWKH6R6RIIHU7KXVWKLVSURWRFROSUHVHQWVDVHPLFRRSHUDWLYHQHJRWLDWLRQ
PRGHOWKDWPRGHOVWKHWUDGHRIIEHWZHHQWKHDJHQWV¶WZREHKDYLRUV
4.3.4. Opportunistic negotiation model 
2SSRUWXQLVWLFPRGHOVWDWHV WKDW WKHV\VWHPFDQEHKDYHVHOILVKO\DVZHOODVHLWKHUXQVHOILVKO\RUVHOIOHVVO\%\
WZHDNLQJ D FHUWDLQ WXQDEOH SDUDPHWHU DQ HQWLUH VSHFWUXP RI EHKDYLRU ± UDQJLQJ IURP H[WUHPHO\ VHOIOHVV WR VHOI
VHHNLQJFDQ LV REWDLQHG IURP WKH V\VWHP  7KHUHIRUH WKH V\VWHP¶V EHKDYLRU LQ D VHQVH FDQ EH FKDUDFWHUL]HG DV
³RSSRUWXQLVWLF´EHFDXVHWKHV\VWHPLWVHOIZLOOQRWH[KLELWDIL[HGEHKDYLRUDOSDWWHUQ

 Siddhartha Agarwal et al. /  Procedia Computer Science  28 ( 2014 )  1 – 10 9
5HVXOWVDQGFRQFOXVLRQ
7KH UHVXOWVSUHVHQWHG LQ7DEOH IRUQHJRWLDWLRQEHWZHHQ V\VWHPDQG WKH626DJHQW IRURQH HSRFK RURQH
URXQGRIQHJRWLDWLRQV ,Q WKLVFDVHEHFDXVHQR IXUWKHU URXQGVRIQHJRWLDWLRQH[LVW WKHZDYHHQGVZLWK WKHVHWWOHG
QHJRWLDWLRQYDOXHV
5.1. Individual System Response with Selfish Negotiation Model 
7DEOHOLVWVWKHYDOXHVRIUHVSRQVHWRWKH6R6RIIHU5HVSRQVHLVIRUPXODWHGLQWHUPVRIGHOWDFKDQJHZKLFKLV
FDOFXODWHGDVWKHGLIIHUHQFHEHWZHHQWKH6R6RIIHUDQGWKHV\VWHP¶VUHVSRQVH+HQFHDSRVLWLYHYDOXHIRUHLWKHURI
WKHDWWULEXWHVVLJQLILHVWKDWWKHV\VWHPVUHVSRQVHLVKLJKHUWKDQWKHRIIHUDQGYLFHYHUVD%HFDXVHV\VWHPKDVWZR
FDSDELOLWLHV&DQG&RQO\WKRVHSDUWLFXODUURZVVKRXOGKDYHDQ\YDOXHV7KHGHOWDGHDGOLQHIRUERWKFDSDELOLWLHV
LV]HUR7KXVV\VWHPLVUHDG\WRSDUWLFLSDWHLQWKHFXUUHQWZDYH7KHV\VWHPLVUHDG\WRZRUNIRUXQLWVOHVV
WKDQ WKDWSURYLGHG IRUERWKFDSDELOLWLHV6\VWHP LVDOVRSUHSDUHG WRSURYLGHDQGXQLWVPRUH IRUERWK
FDSDELOLWLHV6\VWHPKDVUHVSRQGHGWRSURYLGHEHWWHUSHUIRUPDQFHWKDQUHTXLUHGE\6R6DQGDJUHHV WRZRUNIRU
OHVVHUIXQGLQJ

7DEOH6\VWHPUHVSRQVH$FFHSWHGE\6R6WRSURYLGHFDSDELOLWLHV&DQG&

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 
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
5.2. SoS Negotiation Model  
6\VWHP LVHLWKHUDFFHSWHGRUUHMHFWHGDVDSDUWRI WKHILUVWZDYH LQ WKHDUFKLWHFWLQJSURFHVVDFFRUGLQJ WR WKH
GHOWD YDOXHV RI QRW RQO\ HDFK DWWULEXWHEXW DOVR WKH626QHJRWLDWLRQ VWUDWHJ\$PRUH FRPSUHKHQVLYH QHJRWLDWLRQ
PRGHOLVVWLOOLQWKHGHYHORSLQJVWDJHV7KHFXUUHQWPRGHOKDVDVHWRIWKUHVKROGYDOXHVIRUHDFKQHJRWLDWLRQYDULDEOH
WRGHFLGHRQ HLWKHU H[FOXGLQJRU LQFOXGLQJ WKH V\VWHPZLWKLQ WKH6R6 DUFKLWHFWXUH )RU H[DPSOH LI WKH FKDQJH LQ
SHUIRUPDQFHLVEHORZRIWKHRULJLQDORIIHURULIWKHIXQGLQJGHPDQGHGE\WKHV\VWHPIURP6R6LVJUHDWHUWKDQ
RI WKH RULJLQDO RIIHU 626 DJHQW GHFLGHV WR H[FOXGH WKH V\VWHP IURP WKH DUFKLWHFWXUH  )RU GHDGOLQHV LI WKH
V\VWHPDJHQWGRHVQRWDJUHHWRSDUWLFLSDWHLQWKHILUVWZDYHLWVHOI626UHMHFWVWKHQHJRWLDWLRQ7KHVHWKUHVKROGVRQ
IXQGLQJ SHUIRUPDQFH DQG GHDGOLQH DUH FDOFXODWHG VXFK WKDW WKH PRGHO LV QRW OHDG WR DQ XQDFFHSWDEOH 6R6
DUFKLWHFWXUHTXDOLW\  ,I WKH LQGLYLGXDO V\VWHP UHTXHVW LVZLWKLQ WKHVH WKUHVKROGYDOXHV WKHQ WKH6R6PDQDJHUFDQ
FRQWLQXHQHJRWLDWLRQV 
:KHQ WKH QHJRWLDWLRQ ZLWK DOO V\VWHPV ILQLVKHV DQG 626 DJHQW ILQGV WKH RYHUDOO DUFKLWHFWXUH TXDOLW\ DIWHU
LQFOXGLQJWKHVHOHFWHGV\VWHPVDERYHWKHSUHGHILQHGOLPLWVHWE\WKH$FNQRZOHGJHG6R6PDQDJHUWKHILUVWZDYHRIWKH
$%0PRGHOHQGV
,IWKH6R6DUFKLWHFWXUHTXDOLW\LVEHORZWKHFXWRIIYDOXHWKH626DJHQWEHJLQVDIUHVKURXQGRIQHJRWLDWLRQVRU
WKH VHFRQGHSRFKZLWK WKH V\VWHPDJHQWV  7KHVH QHJRWLDWLRQVFRQWLQXHXQWLO WKH626 DJHQW DFKLHYHV WKH FXWRII
YDOXHRIWKHDUFKLWHFWXUHTXDOLW\&RQVHTXHQWO\LI WKH6R6DJHQWLVXQDEOHWRIRUPDQDUFKLWHFWXUHJRRGHQRXJKWR
PHHW WKHXVHUVUHTXLUHPHQWVDQG WKHSUHGHILQHGQXPEHURIQHJRWLDWLRQVKDVEHHQH[FHHGHGWKH6R6DJHQWHQGVWKH
QHJRWLDWLRQDQGGHFLGHVWRJHQHUDWHDQRWKHUPHWDDUFKLWHFWXUH2QFHDZDYHLV FRQFOXGHG WKH 6R6 DJHQW VDYHV WKH
ILQDO DUFKLWHFWXUH FKURPRVRPH DV D VWDUWLQJ SRLQW IRU WKH QH[W ZDYH RI WKH DUFKLWHFWXUHHYROXWLRQ
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